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ABSTRACT 


This report describes the high altitude clear air turbulence (HICAT) 
flight investigation with primary emphasis upon the results achieved 
since 15 February 1965. On thie date the program was redirected to 
utilize a new digital instrumentation system for the measurement of 
CAT in the wavelength range from about 100 feet to 60,000 feet. The 
program effort required the measurement of CAT velocity components at 
altitudes of 45,000 to 70,000 feet in seven geographic areas. 
Instrumentation carried aboard the HICAT aircraft, an Air Force U-~2, 
consisted of a PCM System, an Inertial Navigation System, serodynamic 
and aircraft response sensors including a fixed vane gust probe, 
oscillograph recorder, and a digital magnetic tape recorder. 


The program objective is to determine the statistical characteristics 
of high altitude CAT so as tc improve structural design criteria. 
Overall, 29.2 hours of high altitude CAT were located and recorded in 
flights covering over 256,000 miles from bases in California, 
Massachusetts, Alaska, Hawaii, Puerto Hico, New Zealand, and 
Australia. Actual vertical, lateral, and longitudinal gust velocity 
time histories have been calculated from the measurements and used 
to obtain gust velocity power spectra. Derived equivalent gust 
velocities were aleo calculated and peak counted. Meteorological 
factors were considered in categorizing and correlating data. Time 
histories and power spectra are found in Volume II of this report, 
while meteorological data and flight track maps are included in 
Volume III. 


Distribution of this Abstract is unlimited. 
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Appendix V | 


APPENDIX V 
HICAT FLIGHT TEST LOG 
This appendix presents the HICAT Flight Test Log. The log documents for each 
test the following information: 
e Test number. 


e Test date. 





e Test pilot. 
® Purpose of the test. 
e Duration uf the test in hours and minutes. 


e Duration of any CAT encountered above 45,000 feet in hours and 
minutes. 


e Remarks describing significant test details, e.g., maximum cg 
acceleration response in turbulence, aircraft or instrumentation 
malfunctions, and other unusual events. 


{ 
| 
| 
pal 
a 
| 
| 
| 
| 
| 
‘ 
The log encompasses all the tests in the redirectad program beginning with 
Test 34 and ending with Test 179. The log for the HICAT program prior to the 
redirection is contained in Reference 5, the HICAT Interim Report. : : 
A test appears in the log whenever the HICAT instrumentation package was 
inatalled and operated. Flight times were normally established from the 
quick-lock oscillograph by determining tlc cime differential between the 
start of the takeoff roll and the end of the landing roll. When the oscillo- 
graph record was incomplete or unavailable, the time was obtained from the 
pilot's records. The time in turbulence or HICAT time was determined as 
described under Editing in Volume I, Section V. 
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APPENDIX VI 


TIME HISTORIES 


| 
{ § 
1. 


In general, gust velocity time histories are presented for all cases in which 
gust velocities were computed and power apactra were obtained and plotted. 
These time histories appear on the following pages in order by test and run 
number. For a particular test and run, the first left hand page presents time 
histories of the first 360 seconds of the vertical, lateral, and longitudinal 
_& gust velocity components, derived equivalent gust velocity, corrected pressure 
‘ § altitude, and ambient air temperature. The right hand facing page presents 

. § the corresponding 360 seconds of true airspeed, roll angle, elevator position, 
cg longitudinal acceleration, cg lateral acceleration, and cg normal accelera-— 
tion. For longer runs the sequence described above ia repeated in 360-second 
increments until the end »f the run is reached. Fach page is labeled with the 
test aumber, run number, date, and base of operations. Also included in a 
separate block are the number of data points plotted par gecond and the start 
of the run in terms of Greenwich mean time. 


The basic time scale on the plots is 10 seconds per major division. The param 
eter scales can be determined from the individual plots. Normall, they sre 
as follows: 








Ta ECS TT LTE RRR, 





Parameter Scale per Major Uivision 

Vertical, lateral, and longitudinal gust 20 ft/sec 
velocities 
Derived equivalent gust velocity 1o ft/sec 

fo. & Corrected pressure altitude 1000 ft 

I | : Ambient temperature 5°¢C 

7 F True airspeed 20 ft/sec 

; Roll angle 5 degrees 

a Elevator position . 2 degrees 

! CG longitudinal acceleration 0.05¢ 

CG lateral acceleration 0.20g 

. : CG vertical acceleration 0.50g 
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In these cases where the variation of a parameter was unusually large, the 
plotting program automatioally selecta the next larger compatible scaie. The 
change of acale logic considers only the parameter variations occurring in 
360 seconds so that in a few cases a scale change will occur in the middle of 
@ Tun, 


In oll cases, linear trends were removed from the true gust velocity components 
as well as the elevator position. Since the linear trend of the latter measure- 
ment 1. negligible, the effect is to maintain the average elevator angle exour- 
sions very close to zero. In some cases the linear trends were also removed 
from cg lateral and cg longitudinal acceleration resulting in a near zero mean 
for these measurements also. ; 


The letter code following the gust velocity component label identifies the 
measurements used in the gust velocity determination. If the letter code 
begins with a "P", then inertial platform measurements were used. If the 
initial "P" is absent then cg or gust probe (GP) accelerations were integrated 
to obtain aircraft translational velocities and angular changes were obtained 
from integration of gyro angular rate measvrements. This latter computation 
is used when the platform meaaurements are unreliable because of some malfunc- 
tion, These cases are identified by accelerometer location, i.e., either CG 
or GP, 


Unfortunately, an error was made in the plotting of the corrected pressure 
altitude time history, with the result that altitude changes occurring during 

@ run are shown correctly but the overall level is generally several hundred feet 
too high.* Also, in a few cases, instrument malfunctions occurred which are 
evident in the time histories. For example, the elevator position potentiometer 
was occasionally noisy as manifested by the high frequency oscillations apparent 
dn teat 107, run 8 and the random spikes of test 102, run 3 and 107, run 3, 
Note also that the spikes sometimes cause the plot to be rescaled with a result- 
ing loss in elevator angle reaolution. To avoid confusion, known instrument 
malfunctions appearing in the time histories are so labeled. 





“Corrected average pressure altitudes appear in the HICAT test summary tabula-. 
tions: See Section VI (Volume I), 
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Figure 9B. Flight Parameter Time Histories of Test 63, Run 29 (Sheet 1 of 2). 
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Figure 45B. Flight Parameter Time Histories of Test 102, Rum 15 (Sheet 2 of 2) 
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APPENDIX VII 


GUST VELOCITY POWER SPECTRA 


Gust velocity power spectra for qualifying CAT runs are presented in order by 
test number in Figures 78 through 1543. These are prewhitened - post 

darkened spectra computed from gust velocity time histories with linear trends 
removed as described in Section IV, Data Processing. : 


The spectra labels are somewhat abbreviated and require explanation. The first 
three digits after "Test" are the test number. The fourth and, when required, 
the fifth digit comprise the run number. The next two letters represent the 
test base of operations as follows: 


EC Edwards AFB, California 
PR Ramey AFB, Puerto Rico 
HH Hickam AFB, Hawaii 
® Christchurch International Airport, Christchurch, New Zealand 
RA Royal Australian Air Force Base, Laverton, Australia 
HM Hanscom Fid, Bedford, Massachusetts 


EA Elmendorf AFB, Anchorage, Alaska 


The next two digits are the altitude in thousands of feet followed by three 
numbers designating the true airspeed in feet per second. The “Start Time” 

is the moment the run began in hours, minutes, and seconds, Greenwich time. 
“Duration” of run length is in minutes and seconds. The "No. Lags" is the 
number of separate estimates comprising the spectrum. The "Timo Incr." is the 
time between data samples in seconds. "No. Points” is the number of data samples 
in the run. "Deg Freedom” is the number of degrees of freedom conteined in the 
data run and is used to evaluate the statistical reliability of the spectrus. 
For statistical reliability, the "Deg Freedom” should be large, preferebiy 

100 or more. For 100 degrees of freedom one may say that four out of five times 
the measured spectrum is within +18 percent of tie “true” long term average 
spectrum. ; 


The confidence band at the 60 vercent confidence level corresvonding to 2 
speci*“tc mumber of cegrees of freedom is snown in Figure 155 

The rout mean square (rms} gust velocity value (in ft/sec} cf the entire snere 
trum is Sibulated ucx., followed by other rms values corresponding to the , 
various wavelength cutoffs containea within the spectrum: these cutorfs are 
designated in thousauds of feet by tne numbers followins the aboreviatior 

mus, i.e., 10 refers to 2 10,000-foot cutoff, © refers o @ E0CG-foct cutats 
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Figure 1095. 
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Figure 112B, Power Spectrum of Lateral Gust Velocity, 
Test 100, Run 7 = 250 Lags. 
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Figure 113A. Power Spectrum of Vertical Gust Velocity, 
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Test 102, Run 5, 
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Power Spectrum of Vertical Gust Velocity, 
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Figure 117A. 
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Figure 126A. 


388 


=o Sy alee hes 








wre yeD ee ee re een ae on i i a a mS tase 
: Ton See SS ee iso 7 sire le eed Siti it . st eerie? porn | 
nent > : : = : : ; ae ee — _ 





389 


, 


SR Rh EL (NPE: x ty 
: on 7 ve ie 
' 


Appendix VII 


Power Spectrum of Lateral Gust Velocit 


Test 107, Run 6 - 250 Lags, 


LS/SFDIO/ 2 GS / LA -ALIGD WLI WS 





Figure 1263. 


ee ——= 








a 





van'd ph Gog Ke see pea « *eMlevAbienipy sagas. eeegs gehen ah egeeetgl tpi meieieteetinieininth cals ieteeiiey UE Aemmmmeggg ommrgeeecenemmeigegtenemngeeneeset pikes eee war igen —openere ene iernag ee ih en a nin — ———_— SS > <n _c nnn yE>E ee ee a ae non etee — 











7 eee 
hee i 


390 





POMER SPECTAR. CEMSITY— IF 1/SETi 2/CYOLES/FT 


10 8 =e 


104 


rw 
os 
uw 


oo 
a 
to 














Se “et 
Sar ae 
See A a aaa ee Scie ae 
Co oh ies Wi 
a ait 
= nt ST cision aa 
are i 
aT ll 
SSS SSS fae 
menace ttt 
roe i ain a 
Sn 
eae iste eet ices ait 
tee erat Pe edt oe ee 1 iT 
Crh eariasea 
See ee 
Baa ath 
tt uo aa ail 


at paaniaas 


10 “4 10 -2 


INVERSE WR ELENGTH-CICLES/F i 


Flgure 126C. Power Spectrum of Longitudinal Gust Velocity, 


Test 107, Run 6 = 250 lags, 














ree 








sss teeesimieasinenensmnenmenanentietmeemianmmnndstaaiatammcametiehciietiehacaie haces eden eres Rg re 









Appendix VII 





eeiiimee sii. 


AGN EE = = 





Seriiseiii ral 


in ial 


POMER SPECTRAL OENSITY— (FT/SEC: 2/CICLES/FT 





jue cine cena 


Figure 126D. Power Spectrum of Vertical Gust Velocity, 
Test 107, Run 6 =~ 500 Lags. 








Appendix VII 


soot! set 
Epes PT eee 





10% 
108 


‘uerasi ie/LA “ALS VALDS wanoa 


V> 


Powsr Spectrum of Lateral Gust Velocit 


Test 107, Run 6 ~ 500 Lags, 


Figure 126E. 


392 











a 
bd 
3 
& 
< res: 
Pee tea 
ESL Ge ee ee ee _ ee eee es es 
Bee tt et +4 
eerie 
3.08 Bie BT an 


aaa 


ieee 


LdSIVUI/ 2 19 /LA LL WMLISE Was 





Power Spectrum of Longitudinal Guat Velocity, 


Test 107, Run G ~ 500 Lags. 


Figure 126F. 


393 


semen 





seenewouseesey ped presen + sol h a pinerié sa) wet Symes 
oe it ake have 


eee te BE eS 
: : 


Se a 














aL TT 


4 
q 
tf 


T — 
se 
noacity, 





Cart, Ve 


woe, Run ‘tf. 


Y 


INVERSE WAVELENGTH-CICLES/FT 


Tower Speetaua of Vertlesl 
Ten 


Fipure 17s. 


145/57 DA). 2 1025/14 - LISI Wella IOs 


Appendix VII 


39h 


nN A I I 
7 meena 





a ee TT te SO Tar TOT SA SLT nv a ee  geT TET | 





iilnaill:Sii> satiate 


Se a a a ae rn a SB ie oe 














a ee ues can On Oe a ae — oe fad Bet 
Seersee et bh vall me ue ASB 
(ee Tt Titty fT Ltt ya AY File at: oe 7 


mrpers 
eel Te Py ape uM 











10% 


ha 


at 
Ban 


maaue 
iia 
a 
ab 


















Soes | coer oee i 
Se 
ore I = ae a + 
i -_ | 








192% 










POMER SPECTRAL OENSITY- iF 1/SECt ®-CYCLES/FT 
ee a 


Hill 
Conn 
waa 
aueveees 
eoeeeess 
waa 
Sam Brit 
Gas ees SEE 
Seeess 
sai wweee 





Figure 127B. Power Spectrum of Lateral Gust Velocity, 
Tent 107, Run 7. 


pervenenpinyeenie vere n Pe Rage ALIN TORT 0 OPIS BE STP TOOT PP 








SONIC PRES RAT RITTER RT TIAN Re ga saeco MMR 


= — +--— SOB oe oF! a ee: Se 
a= "a 1 aB- £32 BSE @ lt i wae 














os aa nea 


a en 


oo. aa eee 
28 ee Ceo oe a 
005 ta a ee SS OG 186 8 oe 
pC 











Run 7, 








INVERSE WAVELENGTH-CICLES/FT 


Power- Spectrum of Longitudtnal Gust Velocity 
Test LOT, 














Ss) 
jE 
4 
o 
4 
sf 13/S3 DOLD, 2 (38/131 -ALISWI) WalicadS waned 
: 
a 
Qy oO 
2 % 
+ : 


Spice AUG AAPG A aE AA A A a, SRIRAM SS RD FRADE Enema aa RULES ea eS) 











CCMUDDEAE S200 ARS EE EYE EE, SEs 
































4 
- be 
5 2 
ed 
a 
: " 
ey ar | er — ee i ee A 3 > J 8 
< +1 Sie a 8 Bulladt- mm. Jittsy 1 | {UTP P| « 

iu a | auch Sl 9 pap —. Fi PT | a 05 ee ae a Fh 0 Ge > 
ipl A MO en OB flo iti dg ee eee eee = 
Timi | tb Beiii t t t 5 myyty pT yt a g 
if erage eee tt fz, aa ee ae ee ee a 
are eee i i Cae eee ‘ 
Paes at Le main ? 
ii ha | 3 
IL | J | "re © 
<= =a [_s Ew oo oo Prt o gu 
ee. oo a i a ee oe 
po 
5 4 
zZ $8 
8 ow 
Qo 1 
Gg go 
2 $8 
w om 
BBS 
= ca ts 
= Ho 
o 
zp 
on 
= 2 
< 
foe) 
rou 
ro 
ov 
3 
ae 
Be 
13/83 DAD/ 2 1335/15) -ALISN30 “WHLI3dS WINOd 
RB Wa oad paiflsc ddd da begealbedt thaie.. aba APS cd to Medias © es anaes, olds idan Sa cteclahameashs eae mee” sduieulbeulins poe Kuupatai liens. 





Ee gee Oe Oey TEE NR ee a tery ceed ep dae aE RES Poet a aed) nee) Sera Pan 














H 
Hi 
> 
x 
od 
ue] 
ccs) 
53) 
fon 
io 
< 








ee tte Sex iie apm Sean Sear —— ae 


+ —— -+4 yal igo teats 


ae ee 


LS/SIVOAI/ 2 1935/14) -ALISNIO WLI3dS wINGd 





oY 


Guess Veieei 


of Tate ran. Gi 
Rin 4 2 25° Lagss 


3 


ower Spectrum 
ayy 


mak yyy 
si ot 


398 


srr eR UMSTEE So MreCTOROTMENTHRIN euUOHerEC 


Appendix V1I 


ee 
@etansees Ul | 


at ated | 


resell i 


























Tew emg: | — JitiTy tT yy BBB ae wes: 
2 SCE 2 2 a a 50 2 Oe es ee 
2g es 
iT a z j++ +} +} 1 — Se 
[ae ee SR ee ee Ee, _ ee 
ee a" -o ee eee | eee ee 
a a 10 GR DE Oe 1 


EP eee 


CEC 


r: 

ty 

a oe 

Se ee ee 2S oS a ee es be os es so ae oe ene (— 
ee te 
Se at et ee 


CULE Oe eee |e es 
: 


HL | | 


INVERSE WAVELENGTH-CICLES/FY 

















399 


Power Spectrum of Longitudinal Gust Velocity, 
Test 107, Run 8 + 250 Lags, 


Figure 128C. 
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Test 107, Run 10. 
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Figure 144B, Power Spectrum of Lateral Gust Velocity, 
| Test 142, Run 4, 
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Figure 1s4c. Power Spectrum of Longitudinal Gust Velccity, 
Test 142, Run 4 
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Figure 145A. Power Spectrum of Vertical Gust Velocity, 
Test 14h, Run 3, 
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Test 147, Run 5. 
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Figure 153A. Power Spectrum of Vertical Gust Velocity, 
Test 164, Run 6 
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Figure 153B. Power Spectrum of Lateral Gust Velocity, 
Tent 164, Run 6, 





3 m5 ep = — Cp a SB aI AL SEA, REIL EA LEN ED EBT Oo : : Bee seer ee ee 





ee eee Nt dal oP eens, Peg BIS ep ot Oe at 





cap se renmmenifthi! Pee LA EA st 
ce vote eremaenes enfint bua GAAS TRE GETD) SUITS EYEE EL RARU Zt 





Annandty urr 
er oe re V aby ole 


10% 














Sle Sie i 
ee 
SenSetiece., 


mene 
ie Sa 
NE LETTT 


LETT |_| 
1 Set 
oes 





au 
| 
S08 IG 2 
Bea ag a 
=e =a 


zi SNe 







ha 





POMER SPECTRAL OENSITY- W1/SEC) 2/crcLessFT 


19 “8 : 19° 1a-3 ‘igce 
INVERSE WIVELENGTH-CICLES/FT 


Flpure 153¢. Power Speatrum of Longitudinal Gust Velocity, 
Test 164, Run 6, 


Se eee re : y . - Beek ely aes ee IT 2 bas PS alee een eee 











Mees cca 
Atm cee mC 8 “eterna a OO 


POMER SPECTRAL OES 1TY- WFT/SECI #/CYCLES/FT 


SS eer sR EDM Ler | erence tens = 7 ot an sh 







wit cA witht aes. 


tied thatihiteta 








ae 
Siti oe ie 


n= 

















TAC 


cH — monn 
1 +t CTT 
a amu Ct)... 
iio tH *y 


eee Es ae at He es 
: fh ai 7 ue! 
i a 
lz rec : an 
i ae 
: 
iM 4 c 
1 














INVERSE WAVELENTTHACTCLES/FT 
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APPENDIX VIII 


MATHEMATICALLY DEFINED GUST VELOCITY POWER SPECTRAL DENSITY CURVES 


Mathematically defined gust velocity power spectral density curves are 
presented in Figures 1 through 21 for comparison with the measured gust 
velocity spectra of Appendix VII. Three families of power spectral density 
curves are provided designated as follows: 





® Taylor-Bullen . . . Figures 156 to 160 
6 Sharp Knee ... . Figures 161 to 167 
r) Mild Knee... . . Figures 168 to 176 


Hach family nontains curves shown in separate figures for high frequency 
exponents, m, of -1, -7/6, -4/3, -3/2, ~5/3, -11/6, and =2, In each figure 
curves are shown vor scales of turbulence, L, of 500, 1000, 2000, 4000, and 
8000 ft, and @, ; A Line 
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